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TECHNICAL FIELD 



The present invention refers to a compound. 
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BACKGROUND ART 

Immunoassay is a field in which the sensitivity of the 
analysis method often is of decisive importance as the 
amount of analyte in different biological liquids usually 
is very low. As a result of 'this radioisotopes have been 
widely used as labels in immunoassays despite the dis- 
advantages caused by their use. At the same time, however, 
a very intense research has been carried out with the aim 
of replacing the radioisotopes with labels giving at least 
the same or a higher sensitivity than the isotopes. Fluore- 
scent molecules have in these connections been presented 
as one of the most potential alternatives to radioisotopes. 
Comprehensive surveys have recently been pviblished, which 
give a good general view of fluoroimmunoanalytical determina- 
tions known at present (see Smith et al. (1981) Ann. Clin. 
Biochem. 18, 253-274, Ullman (1981) "Recent Advances in 
Fluorescence Immunoassay techniques") . 

The sensitivity of the fluorescent labels in immunoassay, 
in spite of the fact that it is theoretically very high, 
has been seriously limited by a high background fluorescence. 
Usually, it has been possible to reduce the background 
fluorescence, so that a desired sensitivity could be obtained. 
The above mentioned surveys also describe the limitations 
which have made the us'e of conventional fluorescent labels 
difficult in immunoassay of analytes which require a high 
sensitivity corresponding to that which can be obtained 
with radioisotopes. 

The use of time-resolved fluorescence (see Soini et al (1979) 
Clin. Chem. 25, 353-361) makes it, however, possible to 
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separate the specific fluorescence of the label from the 
disturbing r xinspecific background fluorescence. The 
principle of the use of time-resolved fluorescence when 
following biospecific affinity reactions is described in 
the U.S. Patent No. 4, 374 r 120 and the European patent 
application No. 82850077.7. In time--resolved fluorescence 
the fluorescent label is excited by means of a light 
pulse- of a short duration and the fluorescence is not 
detected until a certain period of time has elapsed from 
the excitation pulse. During the 'time which passes between 
excitation and detection, the fluorescence from any inter- 
fering sources will decay, so that only the signal from the 
label usable for time-resolved fluorescence is detected. 
Such a label should have as high fluorescence as possible, 
a relatively long emission wave-length, a large Stoke 's 
shift and a chemical structxire which makes it possible to 
couple the label covalently to antigens, haptens, antibodies, 
nucleic acids and polynucleotides. A fluorescence label, 
which fulfils the above mentioned requirements (U.S. Patent 
No. 4,374,120) comprises a lanthanide chelate formed by 
a lanthanide and an aromatic ^-diketone, the lanthanide 
being bound to antigen, hapten, antibody, nucleic acid or 
polynucleotide via an EDTA-analogue so that a fluorescent 
lanthanide complex is formed. The fluorescence decay time 
of the label is long, 50 - 1000 >isec, which makes it most 
suitable for the time-resolved detection principle. The 
fluorescence from the label can either be measured when the 
marker is bound to antigen, hapten, antibody, nucleic acid or 
polynucleotide, or the lanthanide can under suitably chosen 
circumstances be released from these by dissociating the 
bond between the lanthanide and the EDTA-analogue, the 
fluorescence being caused in solution in the presence of an 
aromatic ^-diketone, a synergistic compound and a detergent 
which together with the lanthanide form a micellar system 
having a fluorescence which is characteristic of the 
lanthanide (European Patent Application No. 82850077.7) . 

In the use of lanthanides as labels in biospecific affinity 




3 



reactions two functions can in principle be distinguished. 
On the one hand, the lanthanide should form a fluorescent 
chelate and on the other hand it should be bound to a bio- 
organic molecule, which is an antigen, a hapten, an anti- 
5 body, a nucleic acid or a polynucleotide, in order to be 
usable as a label in biospecific affinity reactions. 



The prerequisites for the formation of a fluorescent 
lanthanide chelate are described in the European Patent 
Application No. 83850244.1. A specific controlled binding 
10 of a lanthanide to a bio-organic molecule has proved to 
be difficult even if a niamber of alternative solutions 
has been tested. In such a binding it is desirable that the 
lanthanide is bound to the bio-organic molecule with a very 
high affinity and that the binding is kinetically stable. 
15 The primary ligand which is covalently bound to the bio- 
organic molecule and which also chelates the lanthanide, 
can also absorb the excitation energy which is then trans- 
ferred to the lanthanide according to the principles which 
are described in the European Patent Application No. • 
20 83850244.1/ or alternatively the primary ligand only acts 
as an intermediary for the binding of the lanthanide to 
the bio-organic molecule. The EDTA analogue mentioned earlier 
(U.S. Patent No. 4,374,120) follows the latter principle. 
Aminophenyl-*EDTA-Eu can e.g. be diazotated and thereafter 
25 be coupled to tyrosine or histidine residues in"a protein. • 
The synthesized protein-EDTA-Eu complex gives, however # upon 
excitation a very low lanthanide fluorescence of a long 
decay time, since the primary ligand does not absorb and 
transfer the necessary excitation energy to the lantiianide. 
30 In spite of this the ligand functions excellently in bio- 
specific affinity reactions according to the principles 
which are described in the U.S. Patent No. 4,374,120 and 
the European Patent Application No. 82850077.7. 

Ethylenediamine tetraacetic acid (EDTA) is a well known 
35 . and commonly used compound, which under suitable conditions 
forms stable chelates with a large number of metal ions 
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(see Ringbom (1964) Kompleksometrisk analys) . The chelate 
forming characteristics of the molecule can be utilized to 
bind e.g. lanthanides to bio-organic molecules for use in 
bio-specific affinity reactions if a covalent coupling of 
5 the ligand to the bio-organic molecule can be carried out. 
This has been done by e.g. synthesizing an EDTA dianhydride, 
which is coupled to a suitable bio-organic molecule, a 
diaminetriacetic acid derivative of the molecule is, then, 
obtained when the fourth carboxyl group is used for. the 
10 conjugation (see. Wiede«. et al, U.S. Patent 4,353,751). 

MCreover, an aminophenyl-EDTA derivative can be synthesized 
which can be used to bind the EDTA structure to the bio- 
organic molecule (see Sundberg et al, U.S. Patent 3,994,966) . 

.There are, however, other compounds than EDTA. which form 
15 stable .chelates with metal ions (see Ringbom (1964) Komplekso- 
metrisk analys) . One of them, diethylenetriaminepentaacetic 
acid (DTPA) has e.g. been used to bind radioisotopes in 
connection with the examination of kidney fxinctions (see 
Klopper et al. (1972) J.Nucl. Med. 13, 107-110)'. DTPA has 
20 also been coupled to protein by the use of a cyclic anhydride 
of the molecule, four carboxyl groups then remaining for 
chelating (see: Hnatowich _et _al . (1982) Int. J. Appl. Radiat. 
Isot. 33, 327-332) . 

DISCLOSURE OF INVENTION 

25 The object of the present invention is to provide a chelating 
compound, which strongly chelates i.a. lanthanides, but 
which also comprises active functional groups which makes it 
possible to bind the metal chelate to a bio-organic molecule 
comprising e.g. hapten, antigen, nucleic acid or antibody. 

30 The characteristic features of the invention are apparent 
from the claims attached to the specification. 



BRIEF DESCRIPTION OF DRAWING 

The drawing shows a typical AFP 
standards -fm- eo-^ron ^-t ■p-Pa.-^^-^*- ~ 



determination with duplicate 

^— ^^)f,DAU 
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DETAILED DESCRIPTION 

Compounds according to tJie invention can be derived starting 
from the following basic structure 



y 

cir^ ^ 

(R-N-)^R-N^ 



CH^-Y 



X-CH2-N 



\ 



cH^-y 
cHj-y 

(R-N-) R-N"' 
^ 1 m X 

' cH^-y 

CH^ 2 

y 



in which 

5 R is a 2 to 8 atoms long covalent bridge comprising alkylene 
groups 

Y comprises carboxylic or phosphonic acid and the n\amber 

varies depending on n and m. 
X is an active functional group which permits coupling to 
10 a bio-organic molecule and comprises e.g. an aromatic 

ring comprising a NHjf OHr COOH or NCS group; 
n and m are 0 or 1. 

X can change place with one of the y functions in the 
molecule . 

15 The chelating compounds can be synthesized in the following 
ways: 

Step 1 ; 2.0 g diethylenetriamine is dissolved in 25 ml 
toluene and 1.0 g 4-nitrobenzylbromide dissolved in 25 ml 
toluene is added. The reaction mixture is stirred for 
20 3 hours at room temperature. The precipitate is filtrated 
and the €oluene phase is extracted with water. The water 
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phase is extracted with chloroform which is evaporated to 
dryness. The final product consists of a yellow syrup (0.85 g, 
77% yield) . 

TLC: silica gel? ammonia ethanol l;4j R- for compound 

2 

5 0.38 and for N compound 0.29. 

^H-N.M.R. (CDCI3): r= 7.8 ( q, 4 H, NO^-^) , 3,7 for 

and 3,9 for compound (S, 2H. -CH^ - N) , 

2,7 (m, 8H,-CH2GH2-)1*6 (S, . 2H-NH-&-NH2)' ' 

U.V. (H2O) ; /\ max = 273 nm 

LO Step 2 ; The mixture of N^- and N^- (4-nitrobenzyl) - 

diethyl enetriamine is dissolved in water. The water solution 
is made alkaline (pH 9-11) with 7 M KOH solution and is 
heated during stirring to 50°C. A water solution of bromo- 
acetic acid (2.5 g) is added slowly and pH is kept between 

L5 9-11 by means of the KOH solution. After the addition the 
stirring and the heating (50°C) are continued for at least 
4 hours, KOH solution being added now and then to keep pH 
in between 9 and 11. The reaction mixture is acidified 
(pH about 1) , the insignificant precipitate appearing on the 
cooling, then being filtrated away. The solution is evaporated 
to a smaller volume, a salt then being precipitated, the preci- 
pitation of which is facilitated by adding acetone. The solution 
is evaporated to dryness and an impure raw product is obtained 
(3.1 g, containing about 50% of the desired compound). The 
product is purified by .means of preparative liquid chromato- 
graphy (Waters PrepPAK - 500/C^g , with H2O) , then also the 
different isomers being separated from each other. 

TLC: silica gel; acetonitrile/water 4:1? for compound 
0.16 and for compound 0.33. 

1 3 

C-N.M.R. (D2O): <f =52.4 & 52.6 (-CH^CH^-) , b7.8 (-CH2COOH) 

59.9 (^2)^^-N), 126.9, 134.3, 141.8 & 
150.7 (N02-^-CH2), 173.9 (-COOH) (for 
N compound) 
U.V. (H2O) : Amax ^ 269 nm 

I.R. (KBr): ^max = 1740, 1530, 1350 cm~^ ^-^ffrOTT?^ 

/ OMPf \ 



Step 3 ; 2.0 g of a compound from the previous synthesis 
step is dissolved in .50 'ml water and 0.2 g of palladium 
on activated carbon (5%) is added to the' solution in a 
pressure reactor. The reactor is cooled to 0 - +5°C and 
5 is washed with nitrogen gas and hydrogen gas. The reduction 
takes place at 0 - +5^C at about 1 MPa (pressure above 
atmospheric) . The reaction is followed on thin layer plates 
(acetonitrile water 4:1), by means of a liquid chromato- 
graphy (HPLC) or UV- spectrophotometry. Final product 1.7 g, 
10 yield 89%. 

TLC: silica gel; acetonitrile/water 4:1? for compound 

3+ 2 

as Eu chelate 0.25 and N compound 0.30. 

^^C-N.M.R; (D^O): cf =150.9, 140.9, 121.7 & 120.0 ( NO^<|o><:H^) , 

^ 2 3+ 

183 (-COOH) (for N compound as Eu 



15 



20 



chelate) 

U.V. (HjO) : A max = 284 & 238 nm (^^^1:8) 
I.R. (KBr) : V^max.== 1580-1640, 1400 cm""'" 

2 

Step 4 ; 2.3 g of N - (4-aminobenzyl) -diethylenetriamine- 
N^r N"'", N^, - tetraacetic acid is dissolved in about 
15 ml of water and the solution is added to a reagent 
mixture containing 1.7 g of thiophosgene, 15 ml of cnloro- 
form and 1 g of sodium hydrogen carbonate. The reaction 
mixture is strongly stirred for about 20 minutes in room 
temperature. The phases are separated and the water phase 
25 is washed with chloroform (3x5 ml) , it then being 

evaporated to dryness and the obtained product is washed 
with ethanol. Final product 2.2 g, yield 83%. 

TLC: Silica gel? acetonitrile/water" 4:1; R- for and 
2 

N compounds 0,45 



30 



U.V.(H20) : A max = 268 x 280 nm (-^1:1) 
I.R. (KBr): \) max = 2000-2200 cm""^ 
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Reaction scheme: 
Step 1 ; 



Step 2 i 



NH 
\ 



+ NO, 



CH^CHjNH^ 



>-<£>- 



CHjBr 



^CH2CH2NH2 ^CH2CH2NH 



\ 



+ HK 



•CH2CH2NH2 



\ 



CH2CH2KH2 



BrCH2C00H 



^CH2C00K 



+ HOOCCH2-N 
^CH2C00H \ 
CH2CH2N^p CQQjl 



- I 

^CH^COOH 
^"2^^2^\CH2C00H 



(The isomers are separated by HPLC) . 



M.\jxi *jM:t%m WW 7 



Step 3 : 



Pd/C (5%) 
Corresponding aminoderlvative 



Step 4 : 



CI2C = S 



Corresponding isothiocyanato derivative. 

The other compounds mentioned can be synthesized in a 
corresponding way starting from the corresponding poly- 
alkylene-poly amine* The carboxylic groups can also be 
replaced by phosphonic acid (K. MOEDRITZER -R.R. IRANI^ 
5 J.Org.Chem. 31, 1603 (1966) • The applicability of the 

invention is illustrated below by means of a non-limiting 
example of execution. 

Example 1. Determination of alphaphetoprotein (AFP) . 

2 

The chelating compound N - (p - isothiocyanato benzyl)- 
10 diethylenetriamine - N^, N"^, N^^ - tetraacetic acid 
(p - ITC - B - DTTA) is used to chelate europium and to 
bind the europium chelate to a monoclonal anti-AFP anti- 
body. The europium labelled antibody was used in the immuno- 
assay of AFP, 

15 Labelling the antibody_with euro2ium_ 

p-ITC-B-DTTA-Eu was added to an anti-AFP solution (0.2 mg in 
200 ;il PBS) at O^C and the pH of the solution was adjusted 
to 9.5 by means of 10 ;il of 1 M Na2C02. The molar ratio 
between chelate and antibody was 60:1. The reaction mixture 
20 was incubated over night/ whereupon the antibody conjugate 
was purified from free unreacted label by means of gel 
filtration on a Sephadex G-50 column (Pharmacia) . The degree 
of conjugation was determined by measuring the europixjm 
fluorescence and it was found to be about 7 Eu/IgG. 
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Iimnunoas^a^ 



Polystyrene tubes were coated with anti-APP by inciibating 
the tubes over night at ±oom temperature with 250 ^1 of a 
solution containing 1 jag of anti-AFP in 50 mM K2HP0^ + 
5 9 g/1 of NaCl. The tube surface was saturated with 250 p.1 
of a solution containing 0.5% of BSA in Tris-HCl buffer, 
pH 7.70 (2 hours at room temperature) . After washing the 
tubes were used for the immunoassay. 

25 /il serum samplesor corresponding standards were incubated 
10 for 1 hour in the coated tubes together with 50 ng of 

europiimi labelled anti-AFP which had been added in 225 ^1 of 
Tris-HCl buffer, pH 7.7 containing 0.9% NaCl, 0.05% NaN^, 
0.5% BSA, 0.05% bovine garoma^lobuline, 0.01% Tween-40 and 
20 }m DTP A. After incxabation the tubes were aspirated and 
15 washed three times with 2 ml of physiological sodium chloride 
solution containing 0.05% NaN^. 

guantitation_of euro pium by means of_time-resolved_fluorescence. 

The amount of europium, which via the chelate and the labelled 
antibody has been boxind in the immunometric analysis to the 

20 surface of the tiibe, was quantitated by adding 0.5 ml enhance- 
ment solution (15 jaM y^-naphthoyltrifluoroacetone, 50 jjM 
trioctylphosphine oxide, '0.1 % of Triton X-100 in phthalate- 
acetate-buffer pH -3.2). The solution dissociates europium 
from the chelate, a new fluorescent chelate thus being formed 

25 in the micellar phase, the amount of which is proportional 
to the time-resolved fluorescence signal obtained and the 
amovmt of europivui released. 



The result from a typical AFP determination with duplicate 
30 standards for seven different concentrations is shown in 
Table 1 and on the attached drawing. 



Result 




Compound ha-fring the following structure: 



y J 
• 

CH CH^-Y 

X-CH2-N CH2-Y 

\ , where 

(R-N- ) R-N-" ^ 
I ^ \ 

Y 

- R is a direct chain or branched alkylene group 
comprising 2-8 carbon atoms, 

- n and m are 0 or 1, 

- Y is a carboxylic or phosphonic acid, and 

X is an active functional group which permits covalent 
coupling to a bio-organic molecule. 

Compound according to claim 1, wherein the active 
functional group comprises an alkylene group with 
2-8 carbon atoms, a phenyl ring or an aromatic hetero- 
cyclic ring which has a NH2-, H0-, -COOH, isothiocyanate 
or isocyanate group as a substituent. 

Compound according to claim 1, wherein X can change 
place with one of the Y-f unctions in the molecule • 

Compound according to claim 1, wherein 

- R is an ethylene group, 

- n = m =s O, 

- Y is carboxylic acid, and 

-X is either a p-aminophenyl or a p-isothiocyanato- 
phenyl group. 
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Relevant to Claim No » 



FR, Al, 



DE, -Al, 



CH, 597252 
JP, 50005330 

2 196 992 (CIBA-GEIGY AG) 
22 March 1974 



2 357 278 (HOECHST 
28 May 1975 
NL, 7414670 
822293 
2251546 
3957863 
1484918 
1032176 
50080301 



AG) 



BE, 
FR, 
US, 
GB, 
CA, 
JP, 



US, A, 



3 994 966 (THE BOARD OF TRUSTEES OF 
THE LELAND STANFORD JUNIOR UNIVERSI- 
TY) 30 November 1976 
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